study question: Are women with asthma, and more specifically those with severe or uncontrolled asthma, at higher risk of spontaneous and induced abortions?
limitations, reasons for caution: It is possible that the study results were confounded by imbalances between groups in variables that are not recorded in the databases, but that are known to be associated with spontaneous abortions, such as alcohol consumption, obesity or maternal smoking. However, we performed sensitivity analyses which revealed that these factors are unlikely to explain the observed increased risk for a spontaneous abortion. It is also possible that women with asthma are more likely to have abortions recorded in the databases, because subjects with a chronic disease tend to visit a physician more often than those without asthma. Therefore, our odds estimates for these outcomes may be overestimated when asthmatic women were compared with non-asthmatic women. A further limitation of the study is that it would have been more appropriate to measure the severity and control of asthma only during the pregnancy.
wider implications of the findings: Our cohort is less representative of women in the upper socio-economic level. This is not a threat to internal validity, but it could limit the external validity if the impact of asthma on the risk of abortion differed according to the socio-economic status of the mother. Despite the absence of supporting data, this possibility cannot be completely excluded. study funding/competing interest(s): This study was funded by the Canadian Institutes of Health Research and Genentech. L.B. received research grants from Astra-Zeneca, Pfizer, sanofi-aventis, Novartis and Merck for research projects and co-chairs the Astra-Zeneca Endowment Pharmaceutical Chair in Respiratory Health. F.Z.K and A.F. have no competing interests to declare.
Introduction
Asthma has been reported to affect up to 8.8% of pregnant women (Kwon et al., 2006) . In observational studies, women with asthma have higher risks of several complications of pregnancy, including preeclampsia, caesarean delivery, infants with low birthweight and infants with congenital malformations (Demissie et al., 1998; Liu et al., 2001; Enriquez et al., 2007; Tata et al., 2007 Tata et al., , 2008 ; Blais et al., 2010) . Moreover, studies have shown an association between poorly controlled asthma and increased risk of adverse outcomes suggesting that good asthma management in the preconception period and during pregnancy is beneficial for both mother and fetus (Murphy et al., 2006; Bakhireva et al., 2008) .
However, there are very little data on the impact of maternal asthma, or its severity and control, on the risk of spontaneous and induced abortions. We found four studies that examined the association between asthma and abortions (Sobande et al., 2002; Tata et al., 2007; Syed et al., 2008; Sarkar et al., 2009) . One of them showed no significant differences in the proportion of spontaneous abortions between pregnant asthmatic and non-asthmatic women, but it lacked statistical power (Sarkar et al., 2009) . The three other studies reported a higher risk of abortions among women with asthma compared with those without asthma (Sobande et al., 2002; Tata et al., 2007; Syed et al., 2008 ), yet only one of them specifically looked at each type of abortion, adjusted for potential confounders and assessed whether risks differ according to asthma severity and control (Tata et al., 2007) . The Tata et al. (2007) study revealed a modest increase in odds of a spontaneous abortion (10%), and a marginal decrease in odds of an induced abortion (5%) when comparing women with and without asthma (Tata et al., 2007) . The increased risk of a spontaneous abortion was particularly high in women with more severe asthma and those with previous exacerbations. However, the authors used a control group of women without asthma in their analyses instead of a control group with mild or controlled asthma (Tata et al., 2007) .
Therefore, we designed a cohort study to further evaluate the association between maternal asthma and abortions (spontaneous and induced) as well as to study the impact of asthma severity and control on these outcomes, using data from a large cohort of pregnancies from asthmatic and non-asthmatic women from Québec, Canada.
Materials and Methods

Data source
This study involved data from three interlinked administrative health databases from the province of Québec: the Régie de l'assurance-maladie du Québec (RAMQ), the Maintenance et Exploitation des Données pour l'Étude de la Clientèle Hospitalière (MED-ECHO) and the Fichier des événe-ments démographiques du Québec managed by the Institut de la statistique du Québec. The RAMQ databases provide information on medical services dispensed to all residents of Québec and on prescribed medications filled in community pharmacies by residents covered by the RAMQ Public Drug Insurance Plan (43% of the population). The MED-ECHO database gathers data on acute care hospitalizations and covers all residents of Québec. The Fichier des événements démographiques provides information on all births and stillbirths in Québec. The detailed content of these databases and their validity have been largely discussed in previous studies (Blais and Forget, 2008; Breton et al., 2010) .
Study design
From the three databases, a cohort of pregnancies from all asthmatic women and pregnancies from a 33% random sample of non-asthmatic women occurring between 1 January 1990 and 31 December 2002 was built. If a woman had more than one pregnancy during the study period, only the latest pregnancy was retained in the cohort. Moreover, to be included in this cohort, women had to be between 13 and 50 years of age at the beginning of their pregnancy and had to be covered by the RAMQ drug insurance plan for at least one year prior to the pregnancy and throughout its entire duration. To be considered as having asthma, a woman had to have a diagnosis of asthma recorded in the RAMQ or MED-ECHO databases (ICD-9 code 493, except 493.2) and at least one filled prescription for an asthma medication recorded in the RAMQ database in the 2 years prior to or during pregnancy. Non-asthmatic women were selected with the same inclusion criteria, except that they had no diagnosis of asthma recorded in the databases and filled no prescription for an asthma medication between 1988 and 2002.
Deliveries included in this cohort have been used in the past to study the impact of asthma and asthma medications on the health of the mother and the newborn (Breton et al., 2010; Blais et al., 2012) . However, it is worth noting that this article is the first to report the data on abortions included in this cohort.
Outcomes
Spontaneous abortions (loss of pregnancy before the 20th week of gestation without medical or surgical termination) were defined as pregnancies terminating by (i) the ICD-9 codes 634 or 761.8; or (ii) a medical procedure coded 6900 or 6906 or (ii) pregnancies without a delivery and no code for an induced abortion.
Induced abortions (therapeutic or elective termination of pregnancy) were defined as pregnancies ending by (i) the ICD-9 codes 630 -633, 635 -636, 638 -639, 779.6, or (ii) a medical procedure coded as 6902, 6905, 6908-6909, 6938 -6939, 6941, 6947 -6949, 6951, 6430. Pregnancies ending in a live birth were identified with ICD-9 diagnosis codes or medical procedure codes related to labour and delivery; details of which are available upon request.
Exposures
The exposures under study were maternal asthma, as defined above, as well as asthma severity and asthma control in the year before the 20th week of pregnancy or the termination of the pregnancy. Asthma severity and control were measured with validated indexes that we developed and that are based on the use of asthma medications and acute care for asthma over a 12-month period and on the definition provided in the Canadian Asthma Consensus Guidelines (Boulet et al., 1999; Lemiere et al., 2004; Firoozi et al., 2007) . Asthma severity is categorized under three levels (mild, moderate and severe), which are mainly based upon the doses of inhaled corticosteroids (ICSs) and the use of long-acting beta2-agonists (LABA) as add-on therapy. Asthma control is either categorized as controlled or uncontrolled based upon emergency visits and hospitalizations Maternal asthma and abortion for asthma, a filled prescription for a short-course of oral corticosteroids and high weekly doses of short-acting beta-agonists (SABA).
Potential confounders
Several variables were considered as potential confounders in this study. Maternal characteristics included age at conception (,18, 18-34, .34 years), a well-established risk factor of a spontaneous abortion and receipt of social assistance 1 year prior to or during pregnancy (yes/ no). Maternal chronic conditions consisted of chronic hypertension (yes/no) and diabetes mellitus (yes/no)-two other potential risk factors of spontaneous abortion-which were identified from diagnoses or filled prescriptions of related medications recorded in the RAMQ or MED-ECHO databases 1 year prior to pregnancy using specific algorithms that we developed for each condition and used in other studies Breton et al., 2009 ); details of which will be provided upon request. We also assessed the use of teratogenic medications (e.g. angiotensin-converting-enzyme inhibitors, anticholinergic drugs, antithyroid drugs, carbamazepine, cyclophosphamide, lithium, misoprostol, phenythoin, tetracycline, warfarin) (yes/no) in the first trimester of pregnancy (Koren et al., 1998) and whether or not the women had a history of undergoing at least one abortion in the 2 years prior to pregnancy, as this is a well-known risk factor for spontaneous abortion. Finally, the use of intranasal corticosteroids (yes/no) and a visit to a respiratory physician in the year before the 20th week of pregnancy or the termination of the pregnancy (yes/no) were assessed as potential asthma-related confounding variables in the analyses performed among pregnancies of asthmatic women.
Use of asthma medications and health-care services for asthma
We described the use of asthma medications and health-care services for asthma in the year before the 20th week of pregnancy or the termination of the pregnancy. We reported the use and mean daily dose of ICS, the average weekly use of SABA (0, .0-3, .3 doses per week), the use of LABA or leukotriene receptor antagonists or theophylline (yes/no), and the use of oral corticosteroids (yes/no). We also assessed whether a woman had a hospitalization or an emergency department visit for asthma in the year before the 20th week of pregnancy or the termination of the pregnancy (yes/no). The average daily dose of ICS and weekly use of SABA were measured with algorithms that we developed and used in previous studies Martel et al., 2007) . A detailed description of the algorithms can be obtained upon request. Of note, since all these asthma-related variables are included in the algorithms measuring asthma severity and control (i.e. our secondary exposures), they were not considered as potential confounders in the analyses.
Statistical analyses
The prevalence of spontaneous and induced abortions was estimated among pregnancies from women with and without asthma. Descriptive statistics were used to compare the characteristics of women who had a spontaneous or an induced abortion with the characteristics of women who had a live birth, which were considered as the reference group.
Two polytomous logistic regression models were used to obtain crude and adjusted odds ratios (OR) and their 95% confidence interval (CI) for spontaneous and induced abortions in association with maternal asthma in the entire cohort (model 1), and with asthma severity and control among asthmatic women only (model 2), adjusting for all potential confounders listed above. In both models, live births were used as the reference category.
Since data on smoking, BMI and alcohol consumption, which are recognized as risk factors for a spontaneous abortion, are not available in the databases, we used a sensitivity analysis proposed by Schneeweiss et al. (2006) (the 'Array approach') to assess the impact of these potential confounders on our main analysis; for example, the association between asthma and a spontaneous abortion. This method allows evaluation of how the strength of the association between an unmeasured confounder and the outcome, and the imbalance of the confounder among exposure categories, affect the observed OR. A detailed description of this method is available in the Supplementary data.
All analyses were performed with the SAS 9.2 software package (SAS Institute, Cary, NC, USA) except the sensitivity analysis, which was performed using Microsoft Excel 2007 (Schneeweiss, 2006) . A P , 0.05 was considered significant.
Ethical considerations
An authorization was obtained from the Commission d'accès à l'information du Québec prior to requesting and linking the information from the three databases. This study was approved by the Ethics Committee of the Hô pital du Sacré-Coeur de Montréal.
Results
A total of 49 438 pregnancies from asthmatic (n ¼ 15 107) and nonasthmatic women (n ¼ 34 331) formed the cohort under study. Overall, 15.9% of pregnancies resulted in a spontaneous abortion, while 29.5% resulted in an induced abortion.
As observed in Table I , a higher proportion of women who had an abortion (any type) were aged .34 years, were recipients of social assistance, used teratogenic drugs during the first trimester of pregnancy and had a history of abortions in the 2 years before pregnancy than women who had a live birth (all P , 0.001). Women who had a spontaneous abortion were also more likely to have asthma, chronic hypertension and diabetes mellitus than women who had a live birth, while the opposite was seen with for women who had an induced abortion (P , 0.001).
Among asthmatic women, those who had an abortion (any type) had more severe asthma and more uncontrolled asthma than women who had a live birth (Table II) . A greater proportion of women who had a spontaneous abortion used ICS in the year before pregnancy, took more doses of SABA per week and used other anti-asthmatic medications than women who had a live birth. In addition, women who had a spontaneous abortion were more likely to have an emergency department visit for asthma in the year prior to pregnancy than women who had a live birth. There were no differences between the groups for asthma hospitalizations (Table II) .
As seen in Table III , having asthma was associated with increased odds of spontaneous abortions, while it was associated with decreased odds of induced abortions. Young and old maternal age, receipt of social assistance, previous abortions and use of teratogenic medications were important risk factors for both types of abortion. It is worth noting that all potential confounders were kept in the model since they were all significantly associated with the outcomes.
In the subgroup of pregnancies of asthmatic women, asthma severity was not significantly associated with either type of abortion. On the other hand, uncontrolled asthma was associated with increased odds of spontaneous abortions and induced abortions (Table IV) The sensitivity analyses were performed assuming an absolute difference of 14% in the prevalence of smoking, of 13% in the prevalence of high BMI and of 0.8% in the prevalence of alcohol consumption between asthmatic and non-asthmatic women, and assuming an OR of 3.4 (Dominguez-Rojas et al., 1994), 1.7 (Metwally et al., 2008 ) and 2.3 (Windham et al., 1997) , respectively, for the associations between these variables and spontaneous abortions. Based upon these assumptions, the OR for spontaneous abortions in association with asthma would decrease to 1.22, 1.31 and 1.40, if adjusted for smoking, BMI and alcohol consumption, respectively (see Supplementary data, Table SE1 ). 
Discussion
In this population-based study, maternal asthma was found to be associated with an increased risk of spontaneous abortions and with a reduced risk of induced abortions. Moreover, the level of asthma severity was not associated with either type of abortion, while uncontrolled asthma was associated with a higher risk of spontaneous and induced abortions.
To the best of our knowledge, only four studies have investigated the relationship between asthma and abortions (Sobande et al., 2002; Tata et al., 2007; Syed et al., 2008; Sarkar et al., 2009) . Three of them found a higher prevalence of abortions among pregnant asthmatic women than non-asthmatic ones (Sobande et al., 2002; Tata et al., 2007; Syed et al., 2008) . However, two of these studies only reported the crude mean difference in the number of abortions between asthmatic and non-asthmatic women (0.62 versus 0.24, respectively P , 0.0001 in ref. Syed et al., 2008: 0.70 versus 0.35, respectively, P ¼ 0.005; Sobande et al., 2002) and did not differentiate between spontaneous and induced abortions. The third study by Tata et al. (2007) separately examined spontaneous and induced abortions, did adjust for some potential confounders and evaluated the impact of asthma severity and control on the risk of spontaneous and induced abortions. Their study found an increase in odds of spontaneous abortions [adjusted OR (aOR):1.10; 95% CI: 1.06-1.13], lower than we observed here, and a marginal decrease in odds of induced abortions (aOR: 0.95; 0.92-0.99), quite close to our estimate. The small increased risk of spontaneous abortions reported was higher in women with more severe asthma, as indicated by the use of ICS with or without LABA (aOR: 1.24;1.17 -132), and those with previous exacerbations (aOR: 1.28; 1.15 -1.43), compared with women without asthma. (Tata et al., 2007) The Tata et al. (2007) study also showed that induced abortions (therapeutic) were increased in women with previous exacerbations (aOR: 1.16; 1.04 -1.30). However, more informative comparison groups for these associations would have been women with less severe asthma and asthmatic women without a previous exacerbation, to be able to estimate whether severe and uncontrolled asthma are associated with an increased risk of abortions, above and beyond the risk associated with the disease per se. In our study, we did not observe an association between asthma severity and the risk of abortion, however, we found that uncontrolled asthma increased the risk of a spontaneous abortion by 26% and the risk of an induced abortion by 11%, suggesting that good asthma management in the preconception period and during pregnancy is of greater importance for the mother than her level of asthma severity. Besides, although Tata et al. adjusted their analyses for three important confounders (i.e. maternal age, smoking habit and BMI), they had high levels of missing data for these variables (25 -45%) (Tata et al., 2007) . In our study, we could not adjust for smoking or BMI as these variables are not available in administrative databases. However, we performed sensitivity analyses which revealed that maternal smoking, high BMI and even alcohol consumption, another risk factor, are unlikely to explain the observed increased risk for a spontaneous abortion. Furthermore, Tata et al. (2007) did not adjust their analyses for socio-economic status, previous abortions, use of teratogenic medications, chronic hypertension and diabetes mellitus. These variables, along with the maternal age, were found in our study to act as risk factors for spontaneous abortions, which is consistent with the literature (Mills et al., 1988; Regan et al., 1989; Maconochie et al., 2007; Czeizel and Banhidy, 2011) .
One proposed mechanism to explain the increased risk of a spontaneous abortion in women with asthma is hypoxia, particularly during asthma exacerbations (Murphy et al., 2006) . Our finding that showed that women with uncontrolled asthma are more at risk of spontaneous abortions reinforces this hypothesis. One should keep in mind however, that asthma severity and control were measured in the year before the 20th week or the termination of the pregnancy, and not only during the pregnancy. A 1-year period was used since the indexes of asthma severity and control that we used were validated over that period (Firoozi et al., 2007) . We recognize that measuring asthma severity and control during pregnancy only would have been more appropriate, but a sensitivity analysis revealed that the results were similar whether asthma severity and control were measured over a 1-year period or during pregnancy only. Moreover, it could be the medication taken for the treatment of asthma that has direct adverse effects on the immediate viability of the fetus in utero (Murphy et al., 2006) . The possible mechanism behind the decreased risk of induced abortions is not as clear. Induced abortions could be for therapeutic or personal reasons. Therefore, it is possible that a woman with asthma who wants to have a baby would have closer medical supervision, which will reduce her risk for a therapeutic abortion, not to mention voluntary abortion in this case also. Ultimately, the results of our study underscore the importance of examining spontaneous and induced abortion separately, as the impact of asthma on these two outcomes are opposed.
Our study has some important strengths. By using administrative databases, we had access to a large number of pregnancies from asthmatic and non-asthmatic women that enabled us to obtain precise relative risk estimates for spontaneous and induced abortions separately. In addition, the validity of the medical diagnoses of asthma recorded in the RAMQ database has been formally evaluated and found to be good (Blais et al., 2006) . Moreover, using validated indexes and appropriate comparison groups, we were able to differentiate between the impact of the disease (asthma per se), the impact of the level of asthma severity and the impact of uncontrolled asthma on the risk of abortions. However, there are also some limitations that should be taken into account when interpreting the results. First, it is possible that the results were confounded by imbalances between groups in variables that are not recorded in the databases but that are known to be associated with spontaneous abortions, such as alcohol consumption, BMI or maternal smoking. However, our sensitivity analysis revealed that these variables are unlikely to explain the observed risk. Secondly, it is possible that women with asthma are more likely to have abortions recorded in the databases, because subjects with a chronic disease tend to visit a physician more often than those without asthma. Therefore, our odds estimates for these outcomes may be overestimated when asthmatic women were compared with non-asthmatic women. Finally, our cohort is less representative of women in the upper socioeconomic level. This is not a threat to internal validity but could reduce the external validity of the study if the impact of asthma, or its severity and control, on the risk of abortion differed according to socioeconomic status of the mother. Despite the absence of supporting data, this possibility cannot be completely excluded.
In summary, pregnant asthmatic women, and specifically those whose asthma is poorly controlled, are more likely to have a spontaneous abortion. Our study identified a modifiable predictor (asthma) of a spontaneous abortion, which provides additional evidence regarding the importance of maintaining optimal asthma control prior to and during pregnancy.
Supplementary data
Supplementary data are available at http://humrep.oxfordjournals.org/.
